Background. Glioblastoma multiforme (GBM) is a heterogeneous, highly aggressive primary brain tumor with strongly variable patient survival. Because reliable prognostic biomarkers are lacking, we investigated the relation between telomerase-associated parameters and the disease course. Methods. Telomerase-associated parameters were determined in 100 GBM tissues and associated with clinical characteristics and overall survival. Expressions of telomere length, telomerase activity (TA), and human telomerase reverse transcriptase (hTERT) were analyzed by quantitative PCR, telomeric repeat amplification protocol assay, and reverse transcriptase -PCR, respectively. Mutation status of isocitrate dehydrogenase (IDH)1 was determined by direct sequencing, and O 6 -methylguanine DNA methyltransferase (MGMT) promoter methylation by methylation-specific PCR. Results. Of 100 GBM tissues, 61 were positive for both hTERT mRNA and TA, with a highly significant correlation between both parameters (linear regression, P , .0001). Telomere length determination revealed a significant difference between the hTERT/TA-positive and -negative subgroups, with markedly longer telomeres in the hTERT/TA-negative cohort (unpaired Student's t-test, P ¼ .0001). Accordingly, significantly shorter telomeres were detected in GBM tissues derived from older patients (.60 y at diagnosis, P , .0001). While no association of telomere parameters with MGMT promoter status was found, all tumors with IDH1 mutation (6/100) were negative for both hTERT expression and TA and harbored significantly longer telomeres. Patients with tumors lacking hTERT expression/TA showed a significant survival benefit (Kaplan -Meier test, both P , .01), which, however, was based exclusively on the younger patient subgroup (≤60 y, both P , .005; .60 y, both ns). Conclusions. Telomerase activation is not an independent prognostic parameter in GBM but predicts aggressive tumor behavior solely in a younger patient cohort. was not detected in adjacent normal somatic cells, thus making it a favorable tumor-specific biomarker. Glioblastoma multiforme (GBM), the most frequent primary brain tumor, is characterized by high aggressiveness based on local diffuse infiltration. Despite improved therapeutic strategies, prognosis remains poor, with a median survival still ,15 months. 5 The modest overall survival of GBM patients associated with a near 100% recurrence incidence mirrors the highly aggressive behavior of these tumors. Glioblastomas show distinct heterogeneity at both the microscopic and molecular levels, which is mostly reflected in the individually varying clinical courses. However, currently only a very few reliable biomarkers exist to predict the course of disease or the treatment response and outcome of GBM patients. Mutations of isocitrate dehydrogenase (IDH)1 (more prevalent in secondary glioblastoma) are associated with better survival, whereas promoter methylation of the O 6 -methylguanine DNA methyltransferase (MGMT) DNA repair gene predicts enhanced therapy response to the alkylating agent temozolomide.
H uman telomerase is a ribonucleoprotein polymerase that elongates telomeres by adding hexameric 5
′ -TTAGGG-3 ′ tandem repeats to the chromosomal ends. In normal somatic cells, telomeres shorten with each round of cell division. If telomeres reach a critical length, cells are directed into senescence and apoptosis. 1, 2 Most cancer cells escape telomere shortening by activating the enzyme telomerase, which leads to unlimited proliferation capacity and immortalization. 3 Reactivation of telomerase was observed in more or less all types of human malignant tumors 4 but was not detected in adjacent normal somatic cells, thus making it a favorable tumor-specific biomarker. Glioblastoma multiforme (GBM), the most frequent primary brain tumor, is characterized by high aggressiveness based on local diffuse infiltration. Despite improved therapeutic strategies, prognosis remains poor, with a median survival still ,15 months. 5 The modest overall survival of GBM patients associated with a near 100% recurrence incidence mirrors the highly aggressive behavior of these tumors. Glioblastomas show distinct heterogeneity at both the microscopic and molecular levels, which is mostly reflected in the individually varying clinical courses. However, currently only a very few reliable biomarkers exist to predict the course of disease or the treatment response and outcome of GBM patients. Mutations of isocitrate dehydrogenase (IDH)1 (more prevalent in secondary glioblastoma) are associated with better survival, whereas promoter methylation of the O 6 -methylguanine DNA methyltransferase (MGMT) DNA repair gene predicts enhanced therapy response to the alkylating agent temozolomide. 5 -9 As has been reported for other solid tumor types, previous reports concerning gliomas have shown that either telomerase activity (TA) or expression of its catalytic subunit human telomerase reverse transcription (hTERT) might correlate with grade of malignancy. 10 -13 Additionally, telomerase activation was found to be associated with adverse prognosis, 14 while a less aggressive course of disease was found in patients with GBM characterized by the alternative mechanism of telomere lengthening (ALT). 15 In the current study, we comparatively investigated TA, hTERT mRNA expression, and length of telomeres in GBM tumors and their relation to patient characteristics and clinical outcome. On the basis of our single-center patient collective, we found that the prognostic quality of telomerase-associated parameters is limited by a significant interaction with patient age. Consequently, the worse prognosis associated with telomerase-positive GBM is restricted to the younger subgroup (≤60 y at diagnosis).
Materials and Methods
Clinical Data and Tumor Collection GBM specimens (n ¼ 100) were collected from consecutive patients who underwent surgery at the Department of Neurosurgery of the Wagner Jauregg Hospital in Linz, Austria, between 1997 and 2010. This study was approved by the local ethics committee, and written informed consent was obtained from all patients.
Reverse Transcriptase -Polymerase Chain Reaction
Expression of hTERT mRNA was determined by reverse transcriptase (RT) -PCR analysis. Total cellular RNA was extracted from tumor tissue and RT-PCR was performed with the OneStep RT-PCR Kit (Qiagen) using oligonucleotide primer sets specific for hTERT 16 For semiquantitative evaluation, 30 cycles were chosen for hTERT and 22 cycles for GAPDH. Amplification products were separated by acrylamide gel electrophoresis, stained with ethidium bromide, and quantified by scanning densitometry (Chemi Doc, Quantity One Quantitation software, Bio-Rad). Expression levels (arbitrary units) were calculated relative to GAPDH mRNA amplified concomitantly. In selected cases, hTERT mRNA expression levels were verified by quantitative real-time PCR using the Rotor-Gene SYBR Green RT-PCR Kit (Qiagen) and QuantiTect primer assay (Hs_TERT_1_SG, Qiagen) on a real-time PCR cycler (Rotor Gene Q, Qiagen). PCR was performed according to the manufacturer's instructions with slight modification. In brief, 50 ng of RNA isolated from tumor tissue was assessed by quantitative real-time PCR for data acquisition under the following conditions: 558C for 10 min, 958C for 5 min, 45 cycles: 958C for 5 s, 608C for 10 s, and 768C for 15 s. Sample setup was performed in duplicate and no-template controls were included in each experimental setup. Data for DCT were calculated relative to GAPDH, which served as an internal control for the quality of cDNA (sense 5
Melting curve analysis and gel documentation confirmed the specificities of the fluorescence signals.
Telomerase Activity Assay
TA was analyzed using a telomerase detection kit (TRAPeze, Chemicon International) according to the manufacturer's instructions. Briefly, 6-10 mg of tumor tissue was lysed in 100 mL CHAPS (3-[(3-cholamidopropyl)-dimethylammonio]-1-propane sulfonate) lysis buffer, followed by incubation on ice for 30 min and centrifugation at 12 000 × g for 20 min at 48C. The protein concentration of extracts was determined using the bicinchoninic acid protein assay (Pierce) with bovine serum albumin as a standard. Protein (500 ng) was subjected to the TRAPeze assay. Pre-incubation at 308C for 30 min was performed to allow telomerasemediated extension of a substrate oligonucleotide. Extended products were amplified by 33 cycles of a 3-step PCR (948C for 30 s, 598C for 30 s, 728C for 1 min). PCR products were separated on 12% polyacrylamide gel electrophoresis stained with ethidium bromide and visualized under UV illumination (ChemiDoc, Bio-Rad). A heat-inactivated negative control of each sample and internal standards were included in each experiment. The GBM cell line T98G (American Type Culture Collection) served as a positive control (CRL1690). ′ -CCCATTCTATCATCAACGGGTACAA-3 ′ , also 100 nM each per reaction), which encodes the acidic ribosomal phosphoprotein P0, was used as an amplification control for every sample assayed, as already described. 19 Cycling conditions for both products were 10 min at 958C, followed by 40 cycles at 958C for 15 s and 608C for 1 min. Finally, melting curve analysis was performed. A standard curve was generated to measure the content of the telomeric sequence in kilobase pairs (kb) for each sample using known quantities of a synthesized 84mer oligonucleotide composed of 14 TTAGGG repeats. 17 DNA from an osteosarcoma cell line (SA-OS), which is demonstrably ALT positive, was used as a long telomere control in each experimental setup. 20 Total telomeric length in kb per human diploid genome per sample was calculated relative to SA-OS set as 1.
DNA Modification and Methylation-Specific PCR
DNA was extracted from frozen GBM tumor tissue using the QIAmp DNA Mini Kit (Qiagen), and DNA bisulfite conversion was performed with the Epitect Bisulfite Kit (Qiagen) according to the manufacturer's instructions. Methylation-specific PCR was performed with primers specific for either methylated or unmethylated DNA as described previously.
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IDH1 Mutation Analysis
The genomic region of the IDH1 gene exon 4 containing the R132 codon was amplified in duplicate using the AmpliTaq Gold DNA Polymerase Kit (Applied Biosystems) according to the supplier's instructions. Primers for IDH1 amplification were published by Hartmann et al. 21 For a better reverse sequence, we modified the reverse primer by adding the M13r sequence (marked in italic letters): forward primer CGGTCTTCAGAGAAGCCATT, reverse primer CAGGAAACAGCTATGACGCAAAATCACATTATT-GCCAAC. Following PCR cleanup using the ExoSAP-IT Kit (Affymetrix), PCR products were sequenced on a 3130 Genetic Analyzer (Applied Biosystems) following standard procedures. As an initial screening, all samples were sequenced in the forward direction. Reverse sequences were made only of the second duplicate of samples positive for the R132 mutation to confirm the results. Sequence analysis and fragment assembly were performed using Ridom TraceEditPro version 1.1 software.
Statistical Analysis
Overall survival was defined as the period between time of surgery and death. Patients alive were censored with the date of the last follow-up. Survival probabilities were estimated by means of the Kaplan -Meier method, and survival rates were compared using the log-rank test. To describe the unadjusted effects of covariates on overall survival, univariate Cox proportional hazards regression models were used. For multivariate survival analyses, the Cox regression models were adjusted for age (dichotomized by mean age), sex, performance status (dichotomized by mean KPS: 80 + 19, range: 40 -100), therapy (surgery vs surgery plus any therapy), IDH1 mutation status, and the corresponding telomerase-associated parameters. P-values were all 2-sided and were considered statistically significant at ,.05. All statistical analyses were performed using the PASW Statistics 18.0 package (Predictive Analytics Software/SPSS).
Results
Patient Characteristics
A total of 100 GBM surgical specimens were analyzed; patient characteristics are outlined in Table 1 . Ninety-five tumors were diagnosed as primary GBM (no preceding low-grade lesion), 3 as secondary GBM (clinical report of a preceding low-grade lesion), and 1 each as gliosarcoma and giant cell GBM. The patient group was composed of 35 women and 65 men with a mean age of 60 + 14 years (range: 15 -80). Median overall survival time for the total was 14.2 months. Subsequent to surgery, patients received radiotherapy (n ¼ 4) or were treated with radiotherapy and chemotherapy either combined (n ¼ 53) or adjuvant (n ¼ 18). Twenty-five patients did not receive further therapy because of low performance status. For MGMT promoter methylation analysis, 99 DNA extracts from tumor specimens were available and investigated by methylation-specific PCR. Methylated MGMT gene promoter sequences were detected in 67 cases (68%), while in 32 patients (32%) the promoter was completely unmethylated. This relatively high percentage of methylated cases is somewhat surprising but comparable to GBM cohorts published by other groups. 22 -24 Additionally, in several cases at least partial methylation of the MGMT promoter was confirmed by pyrosequencing (data not shown). Additionally, IDH1 mutation sequencing was performed in all tumors included in the study. Six patients harbored IDH1 mutations, with 5 displaying the R132H (CGT CAT) mutation and 1 the R132S (CGT AGT) mutation. Concerning the clinical course of disease, this subgroup included 4 primary and 2 secondary GBM. 
Telomerase Status Predicts Telomere Length in Human GBM
TA and hTERT mRNA expression values were analyzed in all 100 GBM specimens ( Fig. 1A and B ; representative samples are shown). Sixty-one percent (61/100) were positive for both TA and hTERT mRNA expression, whereas in 2 cases hTERT expression was negative despite detectable TA, and in another 2 cases hTERT expression did not result in positive TA. Both parameters correlated with high significance (linear regression, P , .0001; Supplementary Fig. S1A ).
Using quantitative PCR, we determined relative telomere lengths in 98 of 100 tumor cases with sufficient high quality DNA available. Telomerase-positive GBM (62/98) harbored significantly shorter telomeres (mean 0.769) compared with 36 TA-negative tumors (mean 1.297) (Student's t-test; P , .0001; Fig. 1C) . Accordingly, hTERT-positive tumor samples (59/98) had shorter telomeres (mean 0.767) compared with hTERT-negative (39/98) tumors (mean 1.259) (Student's t-test; P , .0001; Fig. 1D ).
Association of Telomere-Related Parameters and Patient Characteristics
The relations among TA, hTERT mRNA expression, and telomere length and patient characteristics are outlined in Table 2 . Statistical analyses (x 2 test) revealed significant association between age and both hTERT expression and telomere length, while the association for TA reached only borderline significance. Similar results were obtained using linear regression models, in which telomere length (Fig. 1E ) and hTERT ( Supplementary  Fig. S2A ) were strongly associated with age (P , .0001, r ¼ 0.44 and r ¼ 0.37, respectively), and a weaker correlation was found for TA (P ¼ .021, r ¼ 0.22) (Supplementary Fig. S2B ). Telomere lengths in tumors of patients aged ≤60 years were at mean 1.6-fold longer compared with the older patient subgroup (Student's t-test, P , .0001) (Supplementary Fig. S2C ). This significant association between telomere length and age was based solely on the TA-negative GBM panel (linear regression, P , .005, r ¼ 0.47), while no correlation was found in telomerase-positive tumors (P ¼ .23) ( Supplementary  Fig. S2D ). A worse KPS was significantly associated with both hTERT expression and higher TA, whereas only a trend toward shorter telomere length was observed (Table 2 ). Accordingly, for those patients eligible for any treatment subsequent to surgery, a significantly lower hTERT expression and a tendency toward reduced TA were noted. Mutations in IDH1 (n ¼ 6) were distinctly linked to enhanced telomere length and lack of TA ( Table 2 ). The 6 tumors harboring IDH1 mutations belonged to the group of younger patients (≤60 y), whereas the majority of TA-positive and IDH1 wild-type tumors were derived from older patients and had shorter telomeres (,1) (Fig. 1E) . Moreover, 5 TA-negative samples from patients aged ,60 years at diagnosis showed extremely long telomeres (.2), which might indicate ALT. 15 No significant association was observed between telomerase-related parameters and MGMT promoter methylation (Table 2) .
Telomerase Status Predicts Survival in Human GBM
To evaluate the effect of telomerase activation on disease progression, we set hTERT expression, TA, and telomere lengths in relation to GBM patient survival time ( Fig. 2A) . Kaplan-Meier estimates revealed a significant survival benefit for patients lacking hTERT expression or TA. The survival benefit of patients with longer telomeres did not reach statistical significance. Closer inspection revealed 2 "uncommon" long-term survivors with primary GBM harboring short telomeres (,1) but lack of telomerase. Exclusion of these 2 patients rendered the survival differences according to telomere length statistically significant (P ¼ .03; data not shown).
Prognostic Significance of Telomerase-Associated Parameters in GBM Patients
To evaluate the prognostic quality of telomeraseassociated parameters, univariate and multivariate Cox regression analyses were performed. Univariate analysis (Table 3) confirmed the association of both hTERT expression and TA with shorter patient survival time, whereas data for telomere lengths did not reach statistical significance. Additionally, well-known prognostic (Table 4) , no telomerase-associated parameter was found to have independent prognostic power. While data for KPS and therapy remained statistically significant, age and IDH1 mutation status were not significantly linked to patient survival in the multivariate setting. Consequently, we calculated the interaction of the telomerase-associated parameters with the other prognostic factors derived from the univariate survival analysis by including all respective interaction terms in the multivariate model. While all combinations lacked significance (data not shown), a strong interaction was found between age and both hTERT expression and TA (Table 4 , lower part).
Telomerase Activity Is Associated With Shorter Survival in Younger Patients
Given the significant interaction between age and telomerase-associated parameters, we performed age-related subgroup analyses by subdividing our patients into 2 age cohorts: ≤60 years (n ¼ 41) and .60 years (n ¼ 59). Kaplan -Meier survival estimates revealed a significant survival benefit for patients aged ≤60 years whose tumors lacked either hTERT expression or TA (P ¼ .0044 or P ¼ .0008, respectively; 2B ). In contrast, not even a trend toward altered overall survival according to hTERT/TA status was observed in the subgroup of patients aged .60 years. Regarding telomere length, only an insignificant trend toward better survival of patients harboring longer telomeres (.1) was observed in the younger patient subgroup.
Discussion
Activation of a telomere maintenance mechanism (TMM) is one key prerequisite for malignant transformation preventing telomere attrition and thus allowing immortalization. Additionally, TMMs might also have value as prognostic markers in several cancer types. 25 In the current study, we investigated hTERT expression, TA, and telomere length in GBM tissues and their relation to clinicopathological parameters and patient survival. Our results confirm that hTERT expression and resulting TA are detectable in a subgroup of GBM tumors ( 60%) characterized by short telomeres and enhanced patient age. Both hTERT expression and TA as parameters for telomerase activation were associated with significantly shortened patient survival, corroborating the prognostic quality of these markers. However, in multivariate analysis, none of the telomerase-associated markers had independent prognostic value in the entire patient cohort. Subgroup analysis showed that age was the interacting factor. Consequently, better prognosis of telomerase-negative patients was confined to patients of younger age, thus excluding a general and independent prognostic value for telomerase-associated parameters in GBM patients. Our single center -derived data suggest that 60% of GBM patients harbor tumor tissues characterized by activated telomerase based on the significant correlation between hTERT mRNA expression and TA. Additionally, telomerase expression inversely correlated with telomere length, indicating that telomerase in GBM keeps telomeres at minimal effective dimensions. Generally, telomerase activation is detected in 90% of all human cancer types, including solid tumors and hematological malignancies. 3, 4, 26, 27 Thus, in comparison with other solid tumors, a substantial proportion of GBM cases do not exhibit telomere stabilization by telomerase activation. Variable proportions of telomerase-positive GBM ranging between 26% and 89% have been reported in previous studies. However, in all cases, telomerase activation increased with tumor grade. 10,14,15,28 -32 Lack of any known TMM in other tumor types is generally restricted to low-grade malignancies. 3, 11, 33 In contrast, even in primary GBM a considerable number of tumors lack any sign of telomerase activation, as was also found in the current study. Notably, only a minor proportion of these 
428
NEURO-ONCOLOGY † A P R I L 2 0 1 3 tumors are characterized by an alternative telomere stabilization mechanism (ie, ALT), 15, 34, 35 posing the question of how telomerase-and ALT-negative tumors stabilize their telomeres. A high prevalence of ALTpositive tumors was found in anaplastic astrocytoma, 34 suggesting that secondary GBM might represent predominantly the telomerase-negative subgroup. However, in our patient population only 3% harbored secondary GBM based on the clinical course of disease and accompanied by IDH1 mutations. In these cases, and also in 3 additional ones with IDH1 mutations presenting primarily as GBM without preceding low-grade lesions, we detected very long telomeres indicative of ALT. Although this study did not directly investigate ALT, telomere lengths suggested that in addition to the 6 IDH1 mutant patients, 5 others might harbor this TMM. This would indicate 11% ALT-positive tumors, thus leaving 30% of tumors without any TMM. Interestingly, we have observed that establishment of stable cell lines from the investigated GBM tissues was limited exclusively to tumors with detectable hTERT expression (manuscript in preparation). This suggests that telomerase-negative GBM cells are not fully immortalized and might depend on so far uncharacterized signals from the tumor microenvironment to avoid telomere shortening-mediated senescence in vivo.
The association of telomerase activation with glioma patient prognosis has been investigated in several studies with variable results. Some reports failed to find a significant association between telomerase activation and patient prognosis. 36, 37 However, the majority of studies observed a significantly worse survival for patients harboring telomerase-positive gliomas, thus corroborating the findings in our patient cohort. 14, 15, 35, 38, 39 In some cases, Cox proportional hazard models even revealed an independent prognostic function of telomerase expression, especially in studies involving substantial proportions of low-grade and anaplastic astrocytomas. 14, 39 In the study by Hiraga et al, 29 a significantly worse survival was found exclusively for patients with telomerase-positive, low-grade, and anaplastic gliomas but not GBM. In contrast, 2 studies from the Royds group consistently found a major and independent negative effect of telomerase expression on patient survival, whereas ALT-positive tumors were associated with favorable outcome. 15, 35 These inconsistent results might be explained by different detection methods for telomerase activation and by the investigation of different patient collectives. Regarding the effect of the detection methods, in the current study, we comparatively analyzed hTERT mRNA expression and TA in relation to telomere length. The highly significant association found between these completely different parameters supports the reliability of our analysis. Considering the study cohort, we report here, prospectively accumulated single-center data including patients with a diagnosis of GBM without further stratification regarding performance status and patient age. In contrast, those studies reporting an independent prognostic value for telomerase activation are based on multicenterretrospective data collections 15, 35 and stratify on patients with good preoperative performance score. 15 Also, in our study, telomerase activation was associated with a distinctly worse prognosis based on KaplanMeier survival and univariate Cox regression analysis. However, both hTERT expression and TA failed to have independent prognostic power in multivariate analysis. This suggests interaction of telomerase parameters with another prognostic factor in our GBM patient cohort. In accordance with previous studies, univariate analysis showed that age, KPS, treatment, and IDH1 mutation status were significantly associated with overall survival. Of these parameters, patient age, KPS, and IDH1 mutation status were significantly related to telomerase activation in GBM tissues. Patients .60 years of age at diagnosis were characterized not only by lower KPS but also by significantly higher telomerase activation. This is in accordance with previous studies reporting an effect of patient age on the proportion of telomerase-positive GBM. 12, 14 However, when we included interaction terms between telomerase-associated parameters and these clinicopathological features, only age was significantly linked to telomerase status. Hence, subgroup analysis according to patient age revealed that better prognosis for patients with telomerase-negative tumors is confined to the patient cohort ,60 years of age at diagnosis. In contrast, not even a trend was seen in the older patient subgroup. The reasons for this age-dependent effect are unknown. One might hypothesize that GBM in older patients is generally characterized by worse clinical outcome possibly overruling the effect of TMM. Accordingly, the proportion of patients not treated by standard chemo/ radiotherapy based on low KPS is almost confined to the older patient subgroup. However, no significant interaction was detected between telomerase-associated parameters and either KPS or therapy in multivariate analysis, making this explanation rather unlikely. In our study, telomere lengths in tumor tissues shortened significantly with patient age, specifically in telomerasenegative GBM tissues, as was also observed previously by Hakin-Smith et al. 15 This might reflect the prevalence of IDH1-mutated, ALT-positive tumors in the younger, telomerase-negative patient subgroup. 35, 40 On the other hand, telomeres in healthy tissues shorten with age, 41 suggesting that activation of TMM in GBM is an earlier step during malignant progression in the older subgroup compared with the younger subgroup. Together, these observations suggest that general differences might exist between carcinogenic processes depending on patient age that might be reflected in clinical outcome and prognostic quality of TMM. Thus IDH1-mutant, ALT-positive GBM might represent a less aggressive subentity congruent molecularly with the proneural subtype 35, 42 and clinically with secondary GBM associated with younger patient age. However, telomerase per se might also transmit oncogenic functions. 43 -45 Our in vitro culture experiments outlined above suggest that telomerase might generally be more efficient in driving glioma cell immortalization. In corroboration, only 1 ALT-positive GBM cell line established under specific stem cell culture conditions has been reported so far. 46 Alternatively, hTERT was associated with telomere-independent, growth-promoting functions. 45 In addition, the tumorigenic potential of telomerase was attributed to the induction of hTERT expression mediated by growth factor in vascular endothelial cells, thus promoting neo-angiogenesis in GBM. 43, 44 Summarizing, our data suggest that the activation of telomerase in GBM tissues predicts an unfavorable outcome solely in younger GBM patients. These data are derived from an unselected single-center collective without any effect of defined inclusion criteria as used in clinical studies. Thus, telomerase-associated parameters might have limited value as independent prognostic markers concerning GBM in clinical routine. The molecular background of these age-related effects needs to be investigated in depth.
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